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Abstract 



A honeycomb structure 1 formed by bonding into one piece, via a bonding layer 8', a plurality of 
honeycomb segments 12, the honeycomb segment having an outer wall 7, partition walls 2 provided 
inside the outer wall, and a large number of through-holes 3 divided by the partition walls 2 and 
extending in the axial direction of the segment is provided. The honeycomb structure characterized by 
comprising the outer wall 7 and the bonding layer 8 having a relation of d/[(kappaa/da)+(kappaC/dc)] 
>=kappa>=d/[(kappaa/da)+(kappaC/dc)]x0.6 wherein kappaC (W/mK) and dc (cm) are respectively the 
thermal conductivity and thickness of the outer wall 7, kappaa (W/mK) and da (cm) are respectively the 
thermal conductivity and thickness of the bonding layer 8 formed on the outer wall 7, and kappa (W/mK) 
and d (cm) are respectively the thermal conductivity and thickness of a layer which is the sum of the 
outer wall and the bonding layer; and a process for production thereof are provided. The honeycomb 
structure can prevent excessive temperature increase and is superior in durability. 
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(57) Abstract: A honeycomb structural body (1) and a method 
of manufacturing the structural body, the honeycomb structural 
body (1) comprising a plurality of honeycomb segments (12) 
having outer peripheral walls (7), partition walls (2) disposed 
on the inside of the outer peripheral walls, and a large number 
of flow holes (3) formed of the partition walls (2) and passing 
in axial direction which are formed integrally with each other 
through connection layers (8), characterized in that where the 
heat conductivity and thickness of the outer penpheral walls 
(7) are Kc (W/mK) and dc (cm), respectively, those of the 
connection layers (8) formed on the outer peripheral walls 7) 
are Ka (W/mK) and da (cm), respectively, and those of the 
lavers formed by combining the outer peripheral walls with 
the connection layers are K(W/mK) and d (cm), respectively, 
the relation therebetween is d/[(/ca/da) + (KCdc)] £ * 2 
d/K K a/da) + ( k c/dc)] x O.6.. whereby an excessive temperature 
rise can be suppressed to provide the honeycomb structural body 
with an excellent durability. 
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IS7\ A honeycomb structure 1 formed by bonding In- 
o one piecl vifa bonding layer 8, a plurality of honey- 
comb segments 12, the honeycomb segment hav.ng an 

SS. partition walls 2 provided -side the outer 
wa? and a large number of through-holes 3 d.v.ded by 
The p^on wliis 2 and extending in the axial d recjon 
of the segment Is provided. The honeycombs wc ture 
characterized by comprising the outer wail 7 and the 
bonding layer 8 having a relation of 

d/[(Ka/daMKC/dc)] SKS o7l(Ka/daHKC/do))x0.6 

wherein kC (W/mK) and dc (cm) are £P£^»£ 
thermal conductivity and thickness ot the outer ^walT 7 
Ka (W/mK) and da (cm) are respectively the thermal 
clnduSvityandthicknessofthe bonding leyereiormed 

on the ouSr wall 7, and x (W/mK) and d (cm) are e- 
sp^h/ety the thermal conductivity and thickness of a 
KSwmch is the sum ot the outer wall and the bonding 
ayer and aprocess tor production thereof are provided. 
TnThoneycomb structure can prevent excessive tem- 
perature increase and is superior in durability 
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Description 

Technical Field 
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15 
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f0001l The present Invention relates to a honeycomb structure used in , for example, at liter forcapturingf ine particles 
present Jan Z Zst gas emitted from an internal combustion engine, a boiler or the like, particularly to a honeycomb 
structure of superior durability; as well as to a process for production thereof. 

Background Art 

f00021 Honeycomb structures are in use in. for example, a filter for capturing fine particles present in an exhaust gas 

emmed from an Internal combustion engine, a boiler or the lite, particularly diesel tine particles. 

mnT iTshown in F.g 5(a) and Fig. 5(b), honeycomb structures used for such a purpose have, .n general a large 
number onhroigh-hoies 3 divided by oartition walls 2 and extending in an X ax* and have such a consWuUon ha 
^SZiSS^M^m 3 are plugged at opposite ends of the structure each other (plugged alternate*) so that 
eacn end^ace looks checkerboard paSm. In a honeycomb structure having such a structure, a fluid o be tree ed 
f VZul ho^s a Tnot oluqqed at the Inlet side end face 42, that is. those through-holes 3 plugged at the 

ZSlXSSSi T^tSC^P^on waiis 2, and is discharged from adjacent through-holes 3, that 
Trll ,n™Jh Ztei DluQoed at the iniet side end lace 42 but not plugged at the outlet side end face 44. In th.s case, 
tiSSSXSSS^ *Td, for example, soot emitted from a d.ese. engine Is captured by the parmion waUs 
the partition walte Z DecomeTi structure used in such a way. the sharp temperature change of exhaust gas 

Tno iSSZSi oife 'SS^S^S^ the temperature distribute inside the structure and there 
and the local heating o «™« a6ner atlon in honeycomb structure and the like. When the honeycomb structure 

E£SS£^ in an axhaust 9as emmecl * 8m a diesel engine ms 

Is used particularly as a tnte ror cap *u g " particles deposited on the filter to remove 

« „ tnwe "ere problems of a reduction in filter regeneration efficiency due to nonuniform^ of regenera on 
Smpera"an7e^^ generation ot cracks due to large thermal stress. Further, non-uniform ^P« rature d ^ b ^ n e 
duX^egentraLn made ft difficult for the whole portion of filter to be at an optfrnum temperature and afco made 

30 ^"S^^S^^P^^ P^ucing a honeycomb structure by bonding a plurality of ind, 
[0004] Hence. tnere were * n 4335783 te disclosed a process for producing a 

EnfSSSSl 240 is proposed a heat-shock resistant rotary regenerative heat exchanger Is formed by extrusion 
Also in jp -^ 5 ^°^^ vcomo structure made 0 f a ceramic material; firing them, making smooth, by process- 

iJSSE^ »• p &ns to be bonded 01 the resuit,ng segme r h wl,h a 

ceramtc adhesive^ tums^io * after fjrj anQ firing tne coated segments. 

IST^^S^SS^S^ a ceramic honeycomb structure obtained by bonding cordierlte 
Also in a SAe article «>uuuo o * „ 0 _ ont Purthar in jp-a-6-28246 is disclosed a ceramic honeycomb structure 

material, ^akage caused £ '^^^^^^ sXTUCture ca nnot be eliminated and the above approach 
Klt^-S^ -^ <urab.,lty improvement. Further, local heating appeared 

*, fooOS, T^uOr.S'sdfsclosed afiiter which is a ceramic fiKer assembly having a ^J^""* 
KSI of C 3 to 5 mm in thickness and 0.1 to 10 W/mk in thermal conductivity, thereby can have a uniform temperature 

~chTa Ten rang! Sunburned matter can be made small and an increase in soot regeneration efficiency . 
made oossSe howlver ml iove filter was insufficient In prevention of the generation of temperature gradient and 
55 EZ^JSZZfL hea, generation to high temperatures locally, and insufficient in an mcrease ,n maximum 
soot amount enabling soot regeneration. 
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roooTi The oresent Invention has been made in view of the above situation and aims at providing a honeycomb 
Ere wh^ temperature increase, which is superior in durability, and which, when usee 

nartieuiartv as a DPF is high in maximum soot amount enabling soot regeneration. 

^eV*? aspe« of the present invention provides a honeycomb structure formed by bond.ng a plurality ot 
honeycomb J££Z into one piece, via a bonding layer, the honeycomb segment having an outer wall J 
SmvWedT^fdVthe outer wall, and a large number of through-holes divided by the partmon walls and extend ng .n the 
S dSSS oTtni « s^meni charactered by comprising the outer wai. and the bonding .ayer having a re.at.on of 

d/t(ica/da>+(KC/dc)] SKg d^(Ka/da)+(KC/dc«x0.6 

wherein kC (W/mK) and dc (cm) are respectively the thermal conductivity and thickness of the outer wall. Ka (W/mK) 
*^,^Znso^ 'the thermal conductivity and thickness of the bonding layer formed on the outer wall, anc 
K tSUSH ^^respective* the thermal conductive and thickness ot a layer which Is the sum of the outer 

5?Ur rt£SS55" « is Preferred that the outer wall Is formed by firing of a raw ^ ri ^°"«^ a ^ 
;.,K^Inr«» <; andthebondina laver contains a particulate substance A having an average particle diameter ot 1/100 

S£ re^eu ^fhHveragL particle diameter oHhe particulate substance S, and It is more preferred that the bonding 
avef comprises an intermediate layer containing a particulate substance A having an average particle d.ameter of 
Too^S rSTe to Z^eSge partfcte diameter of the particulate substance S and formed directly on the outer 
wai? and fn XsVe layer Also in the first aspect, it is preferred that the bonding layer comprises a layer formed 
?om rrLJmSS containing a liquid naving a surface tension of 70 dyn/cm or less at 25°C and ft .s more > preferred 

hTtha ^contained in the raw material of the bonding layer contains water and an organ.c l.quld having at 25'C. 
a TnsttJ of 0 9 toT? ^ and a surface tension smaller than that of water, .t * also preferred that the bonding layer 
Lntafn^a ceramic and that the honeycomb segments contain silicon carbide or a silicon-silicon carb.de composite 
SSi^orcompoSent. rt is also preferred that predetermined through-holes of the l>™^*«^ " 
TaZ atonTend face of the segment and the remaining through-holes ot the segment are plugged 
face of the segment, and mat at least 70% by volume of the structure is constituted by honeycomb segments having 

roS°TeTectraspect 0 oUhe^sent invention provides a process for producing a honeycomb structure of the 
M I peltof Z preset invention (set forth In any of Claims 1 to 9). which comprises a formation step o rtonn* a 
first aspea °^Z^ ou terwall partition walls provided Inside the outer wall, and a large number of through- 

in *° ^ dlrectton ot ,he segment ' and a bondin9 9tep of bondin9 

?h^on^7SStt?o^»*ice a honeycomb structure, characterized in that the formation step comprises a 
Inl s^of flrTna raTmairia. containing a particulate substance S. the bonding step comprises a step of apply.ng 
S SX'lSlKSK layer, on the outer wal, and a step of bonding the 

Tnto one Piece and the bonding agent contains a particulate substance A havmg an average particle d.ameter of 1/100 
^/TSmto^W** Particle diameter of the particulate substance S in the raw material forf.nng. In the second 

a S o apprytng. on the outer wal. of the honeycomb segment, an intermediate ayer agent to form at least one 
rntermediate layer and a stepof applying an adhesive to form at least one adhes.ve layer. „ fthofirat 
Sl« The thH aspect ot the present invention provides a process for producing a honeycomb structure of the first 
Spec <* 'thVp r^em mven,.on P (set forth in any of Calms 1 to 9). which comprises a 

^n!lomb seament having an outerwall. partition walls provided Inside the outerwall, and a large number of through- 
nole?dMdea?yT^ ^part^n walls and extending In the axial dlrectton of the segment, and a bonding step of bond ng 
S honevlomt laments to produce a honeycomb structure, characterized in that the bonding step comprises a step 
of aSpS TbonTg agem Z form at least one bonding layer, on the outer wal. and a step ot bonding the resuhing 
hoSmb segments .So one piece, and the bonding agent contains a liquid having a surfa« ^on of 70 dyn/cm 
or less at 25-C IrTthe third aspect, tt is preferred that the liquid having a surface tension of 70 dyn/cm or less at 25 C 
contain? «Jr Z Tan o!£n ?ft*l having, at 25-C, a density of 0.9 to 1 .1 g/=m3 and a surface tens^n smaller than 



that of water. 
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Brief Description of the . Drawings 
[0012] 
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of the present invention. #ei«i#^ 

Rg. 2 is a schematic enlarged view of the PjJ^gJg t0 the portton „ of Flg . , (C ). which shows another 
Fig. 3 is a schematic ^^^S^iSSm^ the honeycomb structure ol the present invention, 
embedment ofthe ^l^^^^^^ embodiment ot the honeycomb structure ot the present 

enlarged view of the portton Vb of Fig. 5(a). 
Best Mode for Carrying Out the Invention 

»*>* """"J' TSpW ot ma praa.nt Invantion 6. aa snown In. tor a*.npla. 

lO^T'The important charactehstic ot the first aspect lies in that; the honeycomb structure has the outer wait 7 and 
the bonding layer 8 having a relation of 

30 

d/[(Ka/daH(KC/dc)] sk§ d/t(Ka/da)+(KC/dc)]x0.6 

- kC (WmK) and . .cm, nr. ^J* ££££ iiSSE * 

« and da (dm) ar. rMpac^ly matM"™- ^"^"""SZ ££££2 ol I . Inyar wnicn id m ~m ol .ha 

. ^SSTZttZZttZFJS&l*"* — ~r- — * 

means • tnermal conductivity In a thttKnaaa ,„».„,„ 0) me Banding layar 8 tormad on ma ou»r 

, M ,., «nanm.^«aaan l m.«m««.7^ 

45 K/d = [(Ka/da)+(KC/dc)]xX (1) 



(X = 0to1) 



50 



„„,„ ,„ m. t.rmola <„. X »— ma .man, a. ^^^^I'^T^^Z 
«t intanana MM* toad at « da. to tn.rnt.l -".^"-i^X*-!"^"*** 

STe temperature distribution inside honeycomb structure can be uniformed. 
[0018J That is, when there is the following relation 



4 



preferably 



* more preferably 
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d/t(KB/daW*C*dc)] SKS d^dca/dB )+ <KC/dc))x0.6, 

d/[(ica/da)+(icC/dc)] SK§ oV[(ica/da) + (icCydc)lx0.8 > 
d^(Ka/da) + (KOdc)] SKS a7[(Ka/da) + (KC/dc))x0.9, 
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the temperature distribution inside honeycomb s ^^^^^pect of the present invention to have the 
SoiT It is necessary for the honeycomb structure according o th t*st P~ ^ ^ bondjng , ayer an0 

52? wa and the bonding iayer -^.^SJ^St £5 "e above formuia. in the first aspect, it is also 

™g^^^ 

formed on the outer wall. formula, that is, for reducing the thermal resistance at the 

[0020] In a preferred embodimentfor sat.sfymg We abov^forrnu con6titution in which the outer wa I s 

nTerface between outer wail and bond.ng layer then, s used or ex ^ ^ a ^ 

ormed by firing of a raw material contam.no a partcu "Jj^ tQ the avcrage par ticle diameter of the par- 

substance A having an average part ^ ^ w ma teria. containing the particulate substar^ S^ 
tiruiate substance S. When the outer wall is formed by wing o i a wa jn ^ case s)nce the 

he e geneity appear open pores and f^*"^ 
bonding layer contains a particulate subs*^ 

diameter of the particulate substance S which is a raw matenai o intermediate layer and outer 

substance S. there fe useG a constitution in which the bonding layer 8 composes an 

(00211 It is preferred that, as shown m Fig 3, ther e u .use o ^ gy emp|eymg suc h a consti- 

ntermediate layer 84 contacting with an outer wall 7 and at least one of thg above . men . 

SSTthe intermediate layer 84 can ^•^^^JST^ ^ *» '"^^ IT. TanTe 
ST 3^^-™ 8^^U , and the thermal resistance at the interface can 

at each side of a bonding layer 8, as shown n Rg^ ™ h side of the bonding layer 8. In this er*od,ment 

mediate layer 84 is oreferably present m the form of wo ^ « ? ^ . g js formed djrectly on outer 

,t is necessary that each Intermediate layer 84 is m «^™ h ™ of MO or more , a yers between an adhes,ve layer 
wall 7 However, the intermediate layer may be formed J^, rforrTied dire ctly on the outer wall has a corn- 
ed an outer waU. In this case, it is preferred that the "^T^J^S of the above-mentioned range and show.ng 
Tosil containing a partcuiate substance A having , a , article J^S^ih the adhesive layer has a composition 
good adhesivity with the outer wall, that the '"^'^hie composrtions are changed gradually 
sowing good adhesivity with the adhesive layer and ^".t^esistance at interface, the bonding layer .s con- 
?00231 another preferred embodiment for reduc.ng the thermal es.stan iensjon Qf ?{) ^ 

Sd so as to corpse a .ayer formed ^'^X^SSS^ ^ ""daces to be bonded, a bonding agent 
Z or less at 25'C The bonding layer is formed generally by a PP^S. resultjn g surfaces, and sub|ecting the 

oTan S deferable state such as slurry, solution ^£^Z£&L as a component of the raw 
surfaces to drying, heating or the like. In this case, by usmg a Iqurief low ^ ^ dry|ng 



50 



55 



5 



EP 1 447 535 A1 

agent to the surfaces to be bonded. Therefore, the surface tension of the liquid is prelerably 70 dyn/cm or less, more 
Dreferabiv 20 dyn/cm or more at 25°C. ...... _ „ 

F00241 As the liquid used In the bonding agent, a liquid of 70 dyn/cm to 20 dyn/cm may be selected. When the llqulc 
contains water as a component, it is preferred that the surface tension of water (about 72 dyn/cm at 25-C) Is lowered. 
5 To do this it is preferred that, for example, an organic liquid having a density close to that of water and a small surface 
tension is added to water and the liquid contains water and such an organic liquid. In this case, the organic liquid 
preferably has good miscibllity with water, a surface tension smallerthan that of water, for example. 40 to 70 dyn/cm 
and a density of 0 9 to 1 1 g/crrr* at 25'C. Further, the organic liquid preferably has affinity with water. As the organic 
liquid, there can spedticaJly be mentioned, for example, acetic acid, ethyl benzoate, ethyl formate and dimethylforma- 

10 ro0251 The bonding layer in the honeycomb structure of the first aspect, when It shows too large a thermal expansion 
coefficient, tends to generate cracks owing to the thermal shock, etc. Therefore, the bonding layer preferably has a 
relatively small thermal expansion coefficient. The thermal expansion coefficient of the bonding layer at 20 to BOO C 
is preferably 1x10* ~ 8x1Cr 6 /»C, more preferably 1.5x1 9* - 7x1 0*/-C. most preferably 2x1 0* ~ 6x1 0*rc When 

15 the difference in thermal expansion coefficient between bonding layer and each honeycomb segment is too arge, a 
thermal stress is concentrated at their interface when heated or cooled; therefore, such a difference In thermal expan- 
sion coefficient is not preferred. The difference in thermal expansion coefficient between the bonding layer and the 
honeycomb segment at 20 to 800'C is preferably 1x1 0-6 /"Cor less 

[0026] The ratio of the thermal conductivity Ks of honeycomb segment to the thermal conductivity xa of bonding 
20 layer that Is the ratio xs/xa Is preferably 5 to 300, more preferably 8 to 280. further preferably 1 0 to 250. When the 
ratio 'xs/xa is too small, the bonding layer does not contribute as a heat-insulating layer, therefore, heat is conducted 
to an adjacent honeycomb segment via the bonding layer and the temperature gradient within the honeycomb segment 
tends to be large. Meanwhile, when the ratio xs/xa is too large, the thermal conductivity of the bonding layer is too 
small relative to the honeycomb segment; therefore, the temperature gradient generating in the bonding layer is too 
2* large cracks tends to generate in the bonding layer, and the breakage of honeycomb filter may occur. 

r00271 Too large a thickness da of the bonding layer is not preferred because it hinders thermal conduction between 
honeycomb segments. Too small athickness of the bonding layer is not preferred because no sufficient bonding strength 
is obtained. The thickness da of the bonding layer is preferably 0.01 to 0.5 cm. 

100281 The bonding layer Is preferred to be composed mainly of a ceramic. The bonding layer is preferably formed 
30 by subjecting, to drying, heating, tiring, etc., a raw material containing at least one kind of colloidal sol selected from 
silica sol alumina sol. etc.; at least one kind of inorganic powder selected from a ceramic (selected from the group 
consisting of silicon carbide, silicon nitride, cordlerlte; alumina, mulllte, zlrconla, zirconium phosphate, aluminum titan- 
ate mania and combinations thereof), a Fe-Cr-AI type metal, a nickel-based metal, metallic SI and SIC, etc.; at least 
one kind of Inorganic fiber selected from ceramic fibers, etc.; an inorganic binder; and so forth. The colloidal sol Is 
as suitable in orderto impart adhesivlty; and the inorganic powder is suitable in order to increase the affinity with the outer 
wall of honeycomb segment, and there is preferred an inorganic powder having a thermal expansion coefficient close 
to that of the main component of honeycomb segment The inorganic fiber is suitable as a reinforcing agent capable 
of appropriately imparling toughness to the bonding layer. When an adhesive layer and an intermediate layer are 
formed in the bonding layer, appropriate components are selected from the above-mentioned components, for use as 
40 the components of the adhesive layer and/or the intermediate layer. „ nairiarari 
100291 In the first aspect of the present invention, various ceramics of oxide or non-ox.de type, etc. are considered 
as the main components of honeycomb segment. As the main comoonents. there is preferred, from the standpoints 
of strenqth heat resistance, etc., at least one kind of material selected from the group consisting of cordiente. mull.te, 
alumina spinel, silicon carbide, silicon carbide-cordierite type composite material, silicon-silicon carbide type compos- 
ite material silicon nitride, lithium aluminum silicate, aluminum titanate, Fe-Cr-AI type metal and combinations thereof; 
from the standpoints of thermal conductivity and heat resistance, silicon carbide or a silicon-silicon carbide composite 
material Is particularly suitable. The term "main component" means that It constitutes 50% by mass or more, oreferably 
70% by mass or more, more preferably 80% by mass or more of honeycomb segment. In the first aspect when each 
honeycomb segment is composed mainly of a composite material of metallic silicon (Si) and silicon carbide (S.C) and 
when the Si content specified by Si/(Si + SiC) of honeycomb segment is too small, the effect of Si addition .s hardly 
obtained- when the Si content is more than 50% by mass, the effect of heat resistance and high theimal conductivity 
(which is characteristic of SIC) is hardly obtained. Therefore, the Si content is preferably 5 to 50% by mass, more 
preferably 10 to 40% by mass. 

ro0301 in the first aspect of the present invention, the partition wall and outer wall of honeycomb segment are pref- 
erably a porous material capable of functioning as a filter and/or a cataVst carrier. There is no particular restriction as 
to the thicknesses of the partition wall and outer wall. However, too large a thickness of partition wall or outer wall 
results in too large a pressure loss when a fluid to be treated passes through the partition wall; too small a thickness 
of partition wall or outer wall results in an Insufficient strength; therefore, such thicknesses are not preferred. The 
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„f im. « a ii is oreferablv 30 to 2.000 urn, more preferably 40 to 1 .000 urn. most preferably 50 to 500 urn. 
^S^STSXi T£E£Z to 3.0?0 pm. more preterab.y 60 to 1 .500 urn, most preferably 75 to 750 
m 53S toosia? i^alconductlvRiee of the partition wall and outer wail of honeycomb segment are notpreferreo 
r - F ^^^^Mrtammmb segment or between honeycomb segments Is hindered. The thermal conduc- 

fsr^a^w^ 



10 



is 



20 



25 



30 



35 



20 to 50 W/mK. „ P£lcant invention there is no particular restriction as to the cell density (number of 

10031 ] in the first aspect of the Pr^'^ent^ there « . ne ^parocu a resutts . r jnsuffjcl 

through-holes perunttserfonal^ * g pfessure |QSS 

In filter strength and effective GSA 2 {Q 9 to ' 31 , cells/cm 2), more oreferably 

when a.lu.dtobetreate^ 62.0 ce.Jcm*). There ,s no 

50 to 1 .000 cel'^n .2 (7 8 to 155 ^J^^jJ^^ shape) ; however, the sectional shape is oreferab^ 
particular restricts as to the sectional shape j>t wmugn i st a ndpojnt of honeycomb segment production, 
any of a triangle, a tetragon ^ as to" the size of honeycomb seg- 

[0032] in the first ^^^^X^X^re6 because breakage occurs owing to a thermal stress. Too 
ment. However, too large • £8™* '^"^"ent production and bonding of segments into one piece 

2SS ' n ^o th ( e b) seSona! shape of the honeycomb structure according to tne first aspect of the present invention^ 
40 ^T^e^rused tor p.ugg.ng, there can be su W used at least one Kind of materia, selected „om the 

. BBESB9B 

S^T^ES" * made on the second aspect of the present invention, i.e. a process for production of 
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10 



IS 



20 



25 



hydroxypropoxylmetnyl cellulose), a surfactant, water, etc. to produce a plast.c puddle. 

SSSTtS Plastic puddle Is subjected to. tor exemple. extrusion molding to form a honeycomb molded body hav.ng 
« £mi numbS of tnrouqh-holes divided by partition walls and extending in the axial direction of the material. 
iSm £ honS mo£d body isdried by, for example, a microwave or hot air and then fired, whereby a 
ESU^SSS such as shown in Fig. 1 (a) can be formed. The honeycomb segment can be allowed to have 
a preyed shape mentioned in the above-mentioned first aspect of the present invention. 

IE? NextTy employing a stap of applying a bonding agent for forming a bonding layer, on the outer wan of the 
SSJ^iSSlS a step S bonS a plurality o, such segments Into one piece, a honeycomb structure Is 

KEm Tneimportantcharacteristcoftnese^^ 

n^Lndinosteo of tormina a bonding layer contains a particulate substance A having an average particle diameter 
iwSZ S more pSSy ?/7B Witt most preferably 1/50 to 1/4 relative to the average particle diameter of the 
oaSS» e iutZL S used in the formation step. By firing ol a raw material for firing which contains a patotej 
I oo^Dores and unevenness appear on the surface of the outer wall of honeycomb segment In this case, 
ShebondiS^ 

^^n^SwMttnM A enters the open pores or concave portions on the outer wall surface, the adheervity 
Letwean the boS 5^£S wall I Improved owing to an anchor effect, and the thermal conduct at 

^r^theVScuSS substance A. there is preferred at least one Kind of inorganic powder selected from a ceramic 
se^ed^m the graup consisting of silicon carbide, silicon nitride, cordlerite, alumina, mulllte. zlrconla. zirconium 
nhtSS rruminum Startate Mania and combinations thereof), a Fe-Cr-AI type metal, a nickel type metal, metall c 
an! TZVl ™ re preferably, the particulate substance A is the same kind of materia, as the particulate 

^ThVb^ to further contain at least one kind of colloidal so. (e.g. s.lica so. or = a 

Ion at least one kind of inorganic fiber (e.g. ceramic fiber), an inorganic binder, an organic binder, etc. Also preferably, 
he '££ a ent coin° s 9 a liquid component in addition to the above-men«oned so.id componants. for easy appli- 
catton. More preferably, the bonding agent is slurry of a liquid component and a solid component. 
rao«l There is no particular restriction as to the method for applying the bondmg agent on pouter wall The 
Lnni^tiJn can be conducted by. tor example, spraying, coating with a brush, a hair pencil or the like, or d.pp.ng. 
so StT in the second SpSt o the present Inventton. one kind of bonding agent may be app.ied once but may be 
Eu in o Zito * times Also, two or more kinds of bonding agents may be applied in two or more times. In the 
Sse Is sh^KTft's preferred that the bonding step comprises a step of applying an Interrelate layer agent 
^oeMo Z at least one Intermediate layer 84 on at .east one of two outer wa.ls 7 to J£ 
^rahix, on both of them and a step of app^ing an adhesive In order to form at least one adhesive layer 82. In this 
ss c~X*ZZ«a ^^etyer agentS b'e applied direct* on the outerwall is preferred tocontaln aparticu.atesubstance 
A^avSa Ln a7eCe paTc e diameter of the above-mentioned range. By allowing the bonding step to compnse such 
• 1™ I is oosS <to eiowt he intermediate layer 84 formed on the outer wall 7. to have good adhesivity w,th the outer 
X S t adhesive layer 82 tohave good bonding strength. The thus-formed bonding layer 8 Is con- 
Silted by a ptureltty of layers comprising at least one intermediate layer 84 and at least one adhesrve layer 82. and 
40 the bondinq agent comprises an intermediate layer agent and an adhesive. 

DM?] Bot! 4 intermediate layer agent end the adhesive preferably contain a solid component and a iqulc I com- 
P on?nt Father they are each prefened to be slurry. The solid component of the intermed.ate layer agent or the ad- 
Ee preSy contains acomponent selected from those shown above as prefened components for °°nd.ng agent 
The* Ms °o pTrilcSar restriction as to the method for applying the intermediate fcyer agen, or the adhesrve. They can 

dlariayeTagentTapplle^ 

^SS^iSSem-dhtt. layer agent but with no drying, heating, tiring orthe like, the adhesive may be appMed 
ftS^tt- iTmLdtal. layer agent is applied only on one side wall 7. the adhesive may be applied directly on 
so SiTS ^Tir Tl^case. there is no restriction as to the order of app.k:ation of the intermediate layer agent and 

mo 5 a or S Afterthe bonding agent has been applied as above, indrvidual segments are bonded into one piece to form 
L honVmb [JSSU-ng UP- the kind of the adhere used, drying and/orfiring is conducted further. 

a hoSycomb segment Is formed. As In the second aspect of the present Invention, there no particular restriction as 
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15 



20 



* tte method - producing « honeycomb eegment an. me honeycomb secant can be produced by the same 

step as emp.oyed In the second aspect ««~Z^££^ a bondlng step to torn! a honeycomb structure. The 
[0053] Next, the formed honeycomb se^ente are Ponded by a do g ^ ^ ^ ^ op ft# outer 

bonding step corpses a at^ 

wall 7 (ot honeycomb segment) to ^ bondedjmd "»PJ" H , that the bonding age nt conta.ns a liquid 

agent during drying or heating. _^ fttth6Drese nt invention, only one kind of bonding agent maybeappl.ee 

(00541 '"thebondingstepofthethW^ 

on the outer wall of honeycomb ■JJ™*^^ "J and ^ an adhesive thereon, in this case, the above 
mentioned in the second aspect o the ,p resent ™ and the adhesive, preferably in at least the 

and the third aspect of the present 'nventton or )ess e(erably 20 dyn/cm or more at 

[0055) The above-mentioned iqu.d I havjg , a su ^ a ^^ n ° organ ^ llquld having a density close to that of water 
25-C can be appropriately obtained by adding. f " ."T^^lng th. organic liquid and water. The organic l.qu.d « 
and a small surface tension, to water to obtain •^^^/J^ 25 4 and a surface tension smaller than 
preferred to be well ^™£^'£?*£ naUan aK with water. As specific examples, there are 

[00561 ^^** n ^^' U ^ 1l ^^'^^^Z otthrough-ho.es of honeycomb segment are 
to used in a Alter, particularly in a DPF "^"^J^p^^g^ich end lace of honeycomb segment 
preferably plugged alternately by a sealant ^™^J^£S by masking honeycomb segment through-holes 
Tooks checkerboard pattern. Plugging * ^ ^h open end face of honeycomb segment, and drying 

that are not to be plugged, applying a slurry-st ate jealart t o ea p conducted during the above- 

and firing the resulting honeycomb segment. jnl hto «», the puigg 8 k b 8 t and b6fore , in ng. 

mentioned steps tor honeycomb segment pmdu^^^^ 

pecausetheflrlngstep-nay beonce. ^T'^SSSZ above-mentioned group of preferred raw materials for 
The material for sealant can be WWn***"^""™ as used for honeycomb segment. 

iaaw» 5^!^5 -" !,, ■ , '' -- '"" , 

is in no way restricted by these Examples. 
40 (Examples and Comparative Examples) 
(Production of honeycomb segments) 

[CO., *sarawmater*,for flri ng^ 
Uwder in mass proportions shown in Table VT^re^ 

a surfactant andwatertoproduceaplasticpudd^ J a nmr) wall thlckness o 

using a mterowave and hot air. to obtain ^ J222SS2Ts?.o cells/cm* (200 cells/In.*), a square section o, 
380 urn, an outer wall thickness of 600 pm. a car denatty of ab mb nt were plugge d with the same 

35 mm x 35 mm. a length of 152 mm. The trough-he to. ^ ° J^ djaC ent through-holes were plugged at the 
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(Production of adhesives) 



capillary method. 
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(Production of Intermediate layer agents) 



(Production ot mwimwww .*- 7 — 
fnte^ediate layer agents A to D were produced. 
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Intermediate layer 
agent 



Silicon carbide (mass 



Table 3 

Average particle 
diameter (u,m) 




Silica sol (mass %) 



Water (mass %) 



(Examples 1 to 5 and Comparative Examples 1 to 4) 



©5 I iw — — r- 

l0 oe 21 _d,ate,ayeragen^^ 

l 30 ,xm and then an adhere was ^^^^'^^wproduce honeycomb structures for DP F. of 144 mm 
wenTbonded into one piece In a combination shown Table 4, to pr ^ hon eycomb structure was 

£ee in.) x 162 mm (6 in.). The interface generation. The results are shown in Tabie 4. 

observed using an optica, microscope to ^"^^^^rSerentJa. layer of honeycomb segment were 

repTen^^^^ 

So the exhaust line of a 3,.ter direct .n|ec1 ten d • ^^JZounx of soot was deposited on the honeycomb 
ppm of a Ce fuel addttlve produced by ^' a r /"^ h S e ^ t0 600 . C using a propane burner; the honeycomb struc- 
structure. Subsequently, the ^ combs ^ au Z^T^Z,7M of a by-pass valve, to bum the soot deposited 

shown in Table 4. 
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. * < t« * showed no crack at initial Interface ob- 
l0 064, As shown .n Table C the ^^^f^er w^CeUndinS .ayer. Further, as compared , the 

==~~S=££i 

.ndustria.AppHcabmty to ths tiret aspect of the present invention, since 

,00651 As described above, in the honeycomb ^j uc * u [^^^[|^!^0f y^a* and bonding layer was good and durability 

— - 2 'SZ: ».» «««« « M um,om " M ' 

of the outer wall and the bonding layer, 
tension smaller than that of water. 

«, calms 1 to 5 characterized In that the bonding layer contains a 
A honeycomb structure according to any of Claims 1 to 5, 

° eramiC ' * h-r-rferlzedlnthatthe honeycomb segment contains 

Kor-^rteed in that predetermined through-holes ol 

. a honeycomb structure -ord.ng^ 

ahoneycombsegmentarepluggedatoneendtaceoTin y 
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structure is constituted by honeycomb segments having a sectional area of 900 to 10,000 mm*. 

substance S in the raw material for firing, 
least one adhesive layer. 

bonding step of bond ng ^"J^J^'SS int to form atleast one bonding layer, on the outer wall 
having a surface tension of 70 dyn/cm or less at 25°C. 

0.9 to 1 .1 g/cm 3 and a surface tension smaller than that of water. 
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FIG. 1(a) 
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FIG. 2 
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FIG. 3 
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FIG. 4(a) 




FIG. 4(b) 
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FIG. 5(a) 
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